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ABSTRACT 
NASA/Langley has demonstrated t h e  f e a s i b i l i t y  o f  compression-molded 
p l a s t i c  motor cases  and nozz les  f o r  s o l i d  rocke t s ,  This demo~nstratior? 
cons i s t ed  o f  h y d r o s t a t i c  t e s t s ,  design c a l c u l a t i o n s ,  and s t a t i c  tests of 
sho r t - l eng th  motors. 
The concept of a  compression-molded motor case  and nozzle  for sound- 
ing  rockets  i s  a  r a d i c a l  depar ture  from convent ional  design.  'Fhe concept 
o f f e r s  unique advantages o f  c o s t  (Stanford Research I n s t i t u t e  was given 
a  con t r ac t  t o  ob ta in  t h e  d e t a i l s  on t h i s  advantage) ,  i n s u l a t i o n ,  t ) e i ~ d i n g  
moment, ou tgass ing  a f t e r  burnout,  nonmagnetic c h a r a c t e r i s t i c s ,  and 
f r a n g i b i l i t y  of  burned out i n e r t s  . 
Uecause t h e  compression-molded rocket  motor case  and nozzle  f o r  
sc:mding rockets  r ep re sen t s  a  r a d i c a l  depar ture  from con\ienrional d e s i g n ,  
i t  s u f f e r s  disadvantages of  u s e r  acceptance,  manufacturer acceptance,  and 
degree o f  concept development, 
SRI examined t e n  a l t e r n a t i v e  sounding rocket  motor des lgns  of compar- 
ab l e  b a l l i s t i c  performance and prepared engineering cos t  es t imates  o f  -acb, 
The designs based on t h e  Langley comparison-molded i n e r t  p a r t s  will cos t  
l e s s  t o  manufacture than  t h e  present  blcteorological RDTGE rocket  motor and 
i t s  met a l - c a s e  conceptual a l t e r n a t i - ~ r e s .  Ftecommendations a r e  made t o  more 
f u l l y  develop t h e  advantages of t h e  p l a s t i c  case rocket  and t o  overcome t h e  
disadvantages.  
INTRODUCTION 
~ A ~ A / ~ a n g l . e ~  h a s  d e m o n s t r a t e d  t h e  f e a s i b i l i t y  o f  compressi .on-molded 
p l a s t i c  m o t o r  cases and n o z z l e s  f o r  s o l i d  r o c k e t s .  T h i s  d e n ~ o n s t r a t i o r ?  
c t o n s i s t e d  o f  : 
H y d r o s t a t  l c  tests o f  r o c l r c t   no t o r  c a s e s  wr t l l  ~ r ~ t e : g r z t l  ~ l o z z k e s ,  
T h e s e  tests showed t h a t  t h e  s e l e c t e d  a s b n s t o s - p h e n o l  a c  molding 
compound y i e l d e d  u n i q u e 1  y - h l g h  t z r ~ s i l e  s t r e n g t h  z n d  den.;;i y 
when molded u n d e r  t h e  NASA-developed conditions. 
* Desxgn c a l c u l a t i o n s  o f  t h e  w e i g h t  and  s t r e n g t h  o f  a  moror 
c a s e  f o r  a  s e l e c t e d  s o u n d i n g  r o c k o t  a p p l i c a t i o n .  T l iese  
c a l c u l a t i o n s  showed t h a t  t h e  molded p l a s t i c  c a s e  c o u l d  g i v e  
t h e  same m a s s  f r a c t i o n  a s  t h e  c o n v e n t i o n a l  s tee l  c a s e ,  
* S t a t i c  tests  of s h o r t - l e n g t h  m o t o r s .  T h e s e  s t a t i c  t e s t s  
showed t h a t  t h e  s e l e c t e d  g r a i n  p e r f o r a t i o n  g a v e  a n  z e c e p t -  
a b l e  r e g r e s s i v e  t h r u s t - t i m e  c u r v e ,  t h a t  t h e  s a n d b l a s t i n g  
o f  t h e  i n t e r i o r  o f  t h e  m o t o r  c a s e  was a n  a d e q u a t e  t e c h n i q u e  
f o r  a c h i e v i n g  c a s e - b o n d i n g  o f  t h e  p r o p e l l a n t  g r a i n ,  and t h a t  
t h e  i n t e g r a l l y  molded n o z z l e  i n c u r r e d  a c c e p t a b l e  erosion, 
The c o n c e p t  o f  a  compress ion-molded  m o t o r  case and  n o z z l e  for sound-  
i n g  r o c k e t s  i s  a r a d i c a l  d e p a r t u r e  f r o m  c o n v e n t i o n a l  d e s i g n .  The  c o n c e p t  
o f f e r s  u n i q u e  a d v a n t a g e s ,  w h i c h  are d i s c u s s e d  b e l o w  i n  t h e  order of  their 
OCCII r r e n c e  . 
C o s t  - The  m a n u f a c t u r i n g  and  a s s e m b l y  l a b o r  f o r  t h e  r o c k e t  a n d ,  
p e r h a p s ,  some o f  t h e  m a t e r i a l s  c o s t s  a r e  less. S t a n f o r d  R e s e a r e h  I n s t i -  
t u t e  was g i v e n  a  c o n t r a c t  t o  o b t a i n  t h e  d e t a i l s  o n  t h i s  a d v a n t a g e ,  and 
t h o s e  d e t a i l s  a r e  g i v e n  s u b s e q u e n t l y  i n  t h i s  r e p o r t .  
I n s u l a t i o n  - The m o l d i n g  compound u s e d  i n  t h e  m o t o r  c a s e  and  n o z z l e  
was d e v e l o p e d  a s  a n  i n s u l a t i n g  m a t e r i a l ,  a n d  t h e  molded p a r t s  d o  n o t  
r e q u i r e  a n y  a d d i t i o n a l  l i n e r  o r  e l a s t o m e r i c  p r o t e c t i o n  f r o m  t h e  rocker 
m o t o r  c o m b u s t i o n  p r o d u c t s .  T h i s  ' b c n \ ~ e s  t h e  d e s i g n e r  f r e e  to u s e  a l o n g  
1 1  t .  d u r a t i o n ,  e n d - b u r n i n g  g r a i n ,  i f  r e q u i r e d  b e c a u s e  o f  p a y l o a d  g l a a d l n g ,  
The NASA concept  u s e s  t h i s  abundance of i n s u l a t i o n  t o  i n c o r p o r a t e  a  s i m p l e  
s l o t  p e r f o r a t i o n  i n  t h e  p r o p e l l a n t  g r a i n ,  w i t h o u t  concern  f o r  a d d i t i o n a l  
i n s u l a t i o n  of t h e  motor  w a l l s  on t h o s e  s u r f a c e s  t h a t  a r e  exposed t o  t h e  
Flame v e r y  e a r l y  i n  t h e  f i r i n g  of  t h e  r o c k e t .  The f a v o r a b l e  mass f r a c t i o n  
and i n c r e a s e d  a b i l i t y  o f  t h e  g r a i n  t o  w i t h s t a n d  the rmal  c y c l i n g  r e s u l t  
f som t h i s  s l o t  p e r f o r a t i o n .  The r e g r e s s i v e  t h r u s t - t i m e  curve  w i l l  r educe  
d i s p e r s i o n  of t h e  r o c k e t  a t  l aunch .  
Bending moment - Sounding r o c k e t  motor w a l l  t h i c k n e s s  i s  dependent  
more on t h e  bending moments i n c u r r e d  d u r i n g  f l i g h t  t h a n  on motor o p e r a t i n g  
p r e s s u r e ,  T i e  molded motor  c a s e  i s  expec ted  t o  o f f e r  b e t t e r  r e s i s t a n c e  
t o  these bending moments when compared on a  wei2,ht b a s j s  w i t h  s t e e l ,  
Outgass ing  - I n  some i n s t a n c e s ,  payload s e p a r a t i o n  of sounding r o c k e t s  
i s  r e q u j r e d  Secause of t h e  a n t i c i p a t e d  o u t g a s s i n g  o f  p r o p e l l a n t  s l i v e r s  
and e ' i a s tomer ic  l i n e r  and i n s u l a t i o n .  The s e l e c t e d  g r a i n  p e r f o r a t i o n  and 
molding comp~und do  n o t  p r e s e n t  t h i s  problem. 
Nonmagnetic - I n  some i n s t a n c e s  , payload s e p a r a t i o n  i s  r e q u i r e d  
because t h e  x a g n e t i c  p r o p e r t i e s  of t h e  s p e n t  r o c k e t  i n t e r f e r e  w i t h  t h e  
nieasurernents b e i n g  made by t h e  payload.  The molded r o c k e t  motor c a s e  
and n o z z l e  e l i m i n a t e  t h i s  problem. 
F r n n g l b i l i t y  -Al though  i t  has beer! demonstra ted  t h a t  a  p y r o t e c h n i c  
sandwich or  an  e x p l o s i v e  s h e e t  can be  used t o  r educe  a  sounding r o c k e t  
motor case t o  f r agments  t h a t  p r e s e n t  no FMH ( f a l l i n g  mass h a z a r d ) ,  t h e s e  
I l W  concep t s  have n o t  been c a r r i e d  t o  f r u i t i o n  because  of  a  v a r i e t y  of  
f a c t o r s ,  i n c l u d i n g  c o s t .  The molded motor  c a s e  is  compat ib le  w i t h  e i t h e r  
concept  when t h e  d e c i s i o n  i s  made t o  c o n t i n u e  FMH n e u t r a l i z a t i o n  work. 
Because t h e  conipression-molded r o c k e t  motor c a s e  and n o z z l e  f o r  
sounding r o c k e t s  r e p r e s e n t s  a  r a d i c a l  d e p a r t u r e  f rorn c o n v e n t i o n a l  d e s i g n ,  
i t  s u f f e r s  c e r t a i n  d i s a d v a n t a g e s ,  which a r e  d i s c u s s e d  below. 
User  a c c e p t a n c e  - The u s e r s  o f  sounding r o c k e t s  o f t e n  have a  p e r s o n a l  
and v e s  Led i n t e r e s t  i n  t h e  payload and t r a c k i n g  and t e l e m e t r y  equipment 
b e i n %  used f o r  a l aunch .  I n  most i n s t a n c e s ,  t h e  payload c o s t  i s  t h r e e  t o  
t e n  times the c o s t  of  t h e  c o n v e n t i o n a l  sounding r o c k e t s  now i n  t h e  inven-  
t o r ~  These f a c t o r s  d i s c o u r a g e  such  u s e r s  from c o n s i d e r a t i o n  of lower  
cost, l e s s  proven r o c k e t s .  
Manu l a c t u  r e r  a c c e p t a n c e  - The manufacture  and assembly of t h e  NASA- 
cunceived r c c k e t  s u b s t i t u t e s  t i g h t e r  p r o c e s s  c o n t r o l  and more t o l e r a n t  
J a s l g n  for s e v e r a l  i n s p e c t i o n  p rocedures  t h a t  have become a lmos t  t r a d i -  
t i o n s 1  because  of  t h e i r  r e g u l a r  u s e  by r o c k e t  motor  manuf a c t u r e r s  . 
Degree  o f  c o n c e p t  deve lopmen t  - The p r e l i m i n a r y  d e s l g n  o f  the lourid- 
i n g  r o c k e t  u s i n g  compression-molded r o c k e t  mo to r  c a s e  and n o z z l e  is b l s c c  
on e x t r a p o l a t i o n  f rom a  l i m i t e d  amount o r  f e a s i b i l i t y  and c h a r a c l r r r z n t r o ?  
s t u d y .  The s e l e c t e d  mo ld ing  compound i s  a  g r a d e  o f  a s b e s t o s - p h c n o l i e  anc  
i t s  p r o p e r t i e s  may n o t  b e  r e p r o d u c i b l y  . i t t a i n a b l e  i n  t h e  l a ~ p e  q ~ i a n l l t i c s  
r e q u i r e d  f o r  p r o d u c t i o n  o f  t h e  e s t i m a t e d  12,000 m o t o r s .  The t e n s l S e  prop-  
e r t ies  a c h i e v e d  i n  t h e  s h o r t  l e n g t h ,  t h i c k - w a l l  m o t o r  w i t h  i n t e g r a l  n o z z l e  
may n o t  b e  r e p r o d u c i b l e  i n  t h e  f u l l - l e n g t h ,  f l i g l ~ t w e l g h t  mot o r  t u b e ,  The 
ca se -bond ing  a c h i e v e d  by s a n d b l a s t i n g  a l o n e  may n o t  m a i n t a i n  lts l n t c g r i t v  
i n  f u l l - l e n g t h ,  f l i g h t w e i g h t  m o t o r s  s u b j e c t e d  t o  t h e  e x t r e m e s  of tempera-  
t u r e  c y c l i n g  and a g i n g  demanded o f  r o c k e t  m o t o r s .  Nozz l e  t h r o a t  e r o s i o n  
m D t  n o t  b e  s u f f i c i e n t l y  u n i f o r m  and r e p r o d u c i b l e .  Molded f i n s  wl Lh an  
l n t e g r a l  s l e e v e  may n o t  have  a d e q u a t e  r e s i s t a n c e  t o  aer-odynamie arid thera1a.L 
f l i g h t  l o a d s .  Th read  o r  p i n  f a s t e n e r s  f o r  a s s e m b l i n g  t h e  mc>lded parts 
may c o n t r i b u t e  u n a c c e p t a b l e  stress o r  weakening  i n  cri tic-11 L ~ r e a s ,  
One a p p r o a c h  t o  u s e r  a c c e p t a n c e  i s  t o  i n c o r p o r a t e  some a d v a n i a g e  
o t h e r  t h a n  c o s t - s a v i n g s  i n t o  t h e  d e s i g n  o f  t h e  sound ing  r o c k e t  a t  an e a r l y  
s t a g e .  S i n c e  p a y l o a d  s e p a r a t i o n  r e l i a b i l i t y  i s  r e l a t i v e l y  Low compared 
w i t h  t i l e  r o c k e t  m o t o r  r e l i a b i l i t y ,  t h e  NASA-conceived d e s i g n  corlld include 
some f e a t u r e  t o  improve  t h a t  r e l i a b i l i t y .  An i n t e g r a l  i g n i t e r - m o t o r  
b u l k h e a d - p y r o t e c h n i c  t i m e r - g a s  g e n e r a t o r  as t h e  e n e r g y  s o u r c e  l o r  pay load  
s e p a r a t i o n  i s  w i t h i n  t h e  s t a t e  of  t h e  a r t  and o f f e r s  c o s t  and r e l i a b i l i t y  
a d v a n t a g e .  
Approaches  t o  m a n u f a c t u r e r  a c c e p t a n c e  i n c l u d e  NASA a c c e p t a n c e  o f  the  
rnanuf a e t u r e d  r o c k e t s  on a  " b e s t - e f  f  o r t s "  b a s i s ,  w i t h o u t  t h e  a l m o s t  tradi- 
t i o n a l  volurnes o f  m a n u f a c t u r i n g  r e c o r d s  and a s s u r i n g  s i g n a t u r e s ,  The 
e a r l y  d i v u l g e m e n t  o f  t h e  NASA-developed mold ing  t e c h n i q u e s  t o  mo ld ing  
compound and r o c k e t  p a r t s  m a n u f a c t u r e r s  w i l l  a l l o w  t h e i r  aceommodation,  
a c c e p t a n c e ,  and ,  p e r h a p s ,  r e f i n e m e n t  o f  t h e s e  methods  f o r  o b t a i n i n g  im- 
p roved  t e n s i l e  p r o p e r t i e s  and d e n s i t i e s .  The mo ld ing  o f  a  weighed c h a r g e  
t o  n e t  d i m e n s i o n s  j u s t i f i e s  e l i m i n a t i o n  o f  h y d r o t e s t  when i t  i s  e x p l a i n e d  
a d e q u a t e l y .  The s i m p l e  s l o t  p e r f o r a t i o n  and c a s t i n g  a  known-weight pro- 
p e l l a n t  g r a i n  t o  known d i m e n s i o n s  can  e l i m i n a t e  c o n c e r n  f o r  g r a i n - c r a c k i n g  
and p o r o s i t y ,  when e x p l a i n e d .  Such  d e p a r t u r e s  f rom c o n v e n t i o n  a r e  l o g i c a l  
and c o u l d  be  t h e  s ~ r b j e c t  of  a  p a p e r  a t  a n  ICRPG m e e t i n g  t o  p r o v i d e  d i s -  
c u s s i o n  sild promote a c c e p t a n c e .  
The c o n c e p t  deve lopmen t  s t a t u s  d i s a d v a n t a g e  c u r r e n t l y  may b e  i n s u r -  
moun tab l e  b e c a u s e  oC t h e  l ae l<  o f  f u n d s .  The f u n d s  t h a t  a r e  a v a i l a b l e  
s h o u l d  b e  u sed  on t h o s e  p a r t s  o f  t h e  deve lopmen t  t h a t  w i l l  p r o g r e s s i v e l y  
r e d u c e  t h e  c h a n c e s  o f  a r r i v i n g  a t  a  t e c h n o l o g i c a l  b a r r i e r  and r e d u c e  t h e  
r e m a i n i n g  deve lopmen t  c o s t s .  A p r o p e l l a n t  f o r m u l a t i o n  o r  deve lopmen t  
program i s  t o  b e  a v o i d e d .  P o s s i b l e  s u b s t i t u t e s  f o r  t h e  s e l e c t e d  molding 
compound should be cha rac t e r i zed  and t h e i r  s u i t a b i l i t y  determined. A 
back-up program t o  a s s e s s  the  b e n e f i t s  ob ta inable  from filament-wound 
reinforcement of t h e  motor tube  should r ece ive  p r i o r i t y  cons idera t lon .  
STLJDY FINDINGS 
The p r e l i m i n a r y  s o u n d i n g  r o c k e t  d e s i g n  c o n c e p t  used  as  a  baseline 
f o r  t h k  c o s t  e s t i m a t i o n  evo lved  f rom t h e  ~ A ~ ~ , / ~ a n g l e ~  exper:-rnea~t?~l d a t a  
and f i r s t  d e s i g n ,  t h e  MET RDT&E r o c k e t  d e s i g n  as p r e p a r e d  by BAT,, and  a 
d i s c u s s i o n  be tween N A S A / L ~ ~ ~ ~ ~ ~  and SRI p e r s o n n e l .  Some c l e t a ~ l s  were  
n o t  a v a i l a b l e  a t  t h e  t i m e  t h e  s t u d y  was i n i t i a t e d ,  b u t  t h e s e  v ~ e r e  recog-  
n i z e d  as o f  no  s i g n i f i c a n c e  i n  t h e  c o s t  estimate p r e p a r a t i o n .  The ax- 
t e r n a t i v e s ,  as deve loped  by SRI, r e p r e s e n t e d  a d d i t i o n s  and substitutions, 
w i t h o u t  g r o s s  changes  o f  t h e  b a s e l i n e  d e s i g n .  The c o s t s  of the a l t e r -  
n a t i v e s  are  summarized i n  T a b l e  1 and d i s c u s s e d  s u b s e q u e n t l y .  
A l t e r n a t i v e  A - R e i n f o r c e d  A s b e s t o s - P h e n o l i c  Motor Tube 
A t  t h e  i n i t i a l  d i s c u s s i o n  o f  t h e  motor  d e s i g n ,  t h e r e  was some ques -  
t i o n  o f  mo to r  t u b e  s t r e n g t h  a t  t h e  t h i c k n e s s  d i c t a t e d  by i n e r t  p a r t s  
w e i g h t  and b a l l i s t i c  pe r fo rmance .  One method of o b t a i n i n g  some r e d u c t i o n  
o f  t h i c k n e s s  was l o w e r i n g  o f  t h z  moto r  o p e r a t i n g  p r e s s u r e ,  The cost 
r a m i f i c a t i o n s  o f  t h i s  change  would b e  minor .  
An a p p r o a c h  w i t h  s i g n i f i c a n t  c o s t  e f f e c t  was r e i n f o r c e m e n t  o f  t h e  
motor  t u b e .  Some c o n s i d e r a t i o n  was g i v e n  t o  r e i n f o r c i n g  bartds, o r i e n t a -  
t j o n  o f  t h e  mold ing  compound f i b e r s ,  o r  u s e  o f  r e i n f o r c i n g  1.arninates i n  
t h e  molded t u b e .  A l l  o f  t h e s e  were r e j e c t e d  i n  t h e  i n i t i a l  d i s c u s s i o n s  
b e c a u s e  o f  i n c o m p a t i b i l i t y  w i t h  t h e  mold ing  t e c h n i q u e s  and b e c a u s e  of 
t h e  a d d i t i o n a l  l a b o r  r e q u i r e d  d u r i n g  mold l o a d i n g .  E x t e r n a l  r e i n f o r c e -  
ment w i t h  p a p e r  o r  c l o t h  was r e j e c t e d  b e c a u s e  a T h i o k o l  e f f o r t  bad demon- 
s t r a t e d  t h e  d i f f i c u l t y  i n  m a i n t a i n i n g  t h i c k n e s s  r e p r o d u e i b i l . i t y  with 
commercial  m a t e r i a l s  and p r o c e s s e s .  
F i l a m e n t  w lnd ing  d i d  n o t  i n i t i a l l y  a p p e a r  p r o m i s i n g  b e c a u s e  of t h e  
h i g h  c o s t  a s s o c i a t e d  w i t h  f i lament-wound r o c k e t  m o t o r s .  4 detailed anal- 
y s i s  o f  t h e s e  c o s t s  i d e n t i f i e d  mandre l  p r e p a r a t i o n  and removal ,  manual 
r e i n f o r c e m e n t  p a t c h  and b o s s  i n s t a l l a t i o n  d u r i n g  t h e  w i n d i n c  process, 
and wind ing  o f  i r r e g u l a r  s h a p e s  as t h e  m a j o r  c o n t r i b u t o r s  t o  t h e  high 
c o s t .  The moto r  t u b e  p r e s e n t s  i d e a l  c o n d i t i o n s  f o r  low c o s t  a p p l r c a t i o n  
o f  f i l a m e n t  w ind ing  a s  r e i n f o r c e m e n t .  The u n i f o r m  d i a m e t e r  and the 
e l i m i n a t i o n  01 any need  f o r  a mandre l  a l l o w  low s e t - u p  t i m e ,  h l g h  \*yapping 
s p e e d s ,  and au toma ted  c u r i n g  c y c l e s ,  These  a d v a n t a g e s  showed u p  i n  t h e  
estimate f o r  l a b o r  and m a t e r i a l s  o f  $23.00 p e r  m o t o r  f o r  wiriding a 0-1 i n c h  
(0 .25  em) t h i c k  r e i n f o r c e m e n t .  
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With a  c o n s e r v a t i v e  e s t i m a t e  of  $120,000 f o r  f a c i l i t i e s  and c ~ o l j n q ,  
t h i s  a l t e r n a t i v e  showed no  c o s t  advan tages  o v e r  t h e  b a s e l i n e  des.t;~7, IL? 
u t i l i t y  may b e  i n  i t s  i n d i c a t i o n  of a  low c o s t  approach t o  1)e t a k e n  to 
o b t a i n  weight  r e d u c t i o n  o r  s t r e n g t h  improvement, o r  b o t h ,  L l m L  m g h t  oe 
found n e c e s s a r y  a s  t h e  d e s i g n  work p r o g r e s s e s .  
A l t e r n a t i v e  B - Reinforced  Glass Roving-Phenolic Motor Tube 
The r e l a t i v e  c o n t r i b u t i o n  o f  t h e  a s b e s t o s - p h e n o l i c  o l d l n g  compound 
c o s t  t o  t h e  t o t a l  r o c k e t  c o s t  d i r e c t e d  immediate a t t e n t i o n  do material 
s u b s t i t u t i o n  a s  a  means of  r e d u c i n g  t h e  r o c k e t  c o s t .  The t e n s l L e  propere- 
t i e s  of t h e  s h o r t - l e n g t h ,  heavywal l  motors  molded a t  Langley,  u s i n g  a 
s e l e c t e d  g r a d e  of  a s b e s t o s - p h e n o l i c ,  were u n i q u e l y  f a v o r a b l e  and l end  some 
weigh t  t o  con t inued  u s e  of t h e  pren~ium-pr ice  m a t e r i a l .  However, ;f t h e s e  
p r o p e r t i e s  a r e  n o t  r e p r o d u c i b l e  i n  f u l l - l e n g t h ,  f l i g h t w e i g h t ,  motor tubes, 
t h e  e n t i r e  low c o s t  sounding r o c k e t  concept  might f a l t e r .  
A p ruden t  back-up f o r  t h e  molding e f f o r t s  was a  s u r v e y  o f  r e i n f o r e e -  
ment t e c h n i q u e s  t o  supplement t h e  motor t u b e  t e n s i l e  p r o p e r t i e s  ach ieved  
by t h e  Langley molding c o n d i t i o n s .  Filament-winding was found econornica8 
because  t h e  motor t u b e  o f f e r e d  a  uniform d i a m e t e r  and d i d  n o t  r e q u i r e  
i n t e r r u p t i o n  of t h e  winding c y c l e  f o r  manual p lacement  of  r e in fo rcement  
p a t c h e s  and b o s s e s .  
Asbes tos -pheno l i c  molding compounds a s  a  c l a s s ,  o f f e r  excellent 
t e n s i l e  and i n s u l a t i o n  p r o p e r t i e s  . They s u f f e r  somewhat from reprodue- 
i b i l i t y  because  of  t h e i r  dependence on a  n a t u r a l  f i b e r ,  and t h e  h a i f -  
m i l l i o n  pounds (220 ,000  kg)  r e q u i r e d  f o r  12 ,000  motor  t u b e s  w i l l  a m p l i f y  
t h i s  problem. The dependence on n a t u r a l  f i b e r s  a l s o  keeps  t h e s e  r n a l d i ~ g  
compounds i n  an u l t i m a t e  p r i c e  range n e a r  $2.00/lb ($4.  40/kg ) . 
Glass - rov ing-pheno l i c  i s  t h e  l e a s t  c o s t l y  of  t h e  mold i rg  compounds 
t h a t  h a s  good p h y s i c a l  s t r e n g t h  and a c c e p t a b l e  i n s u l a t i o n  c a p a b i l i t y ,  
S i n c e  t h e  NASA-conceived d e s i g n  is  n o t  demanding of  t h e  i n s u l a t i o n  capa- 
b i l i t y ,  c o n s i d e r a t i o n  shou ld  b e  g i v e n  t o  a  r easonab ly  thorough effort t o  
s u b s t i t u t e  t h e  $0.50/lb ($1. 10/kg) g l a s s - r o v i n g - p h e n o l i c  molding compouazd 
f o r  t h e  a s b e s t o s - p h e n o l i c .  C h a r a c t e r i z a t i o n  of s e l e c t e d  s a ~ p l e s  of t h i s  
t y p e  of molding compound s u b j e c t e d  t o  t h e  NASA-developed molding cond i -  
t i o n s  should  b e  g i v e n  p r i o r i t y  i n  t h e  t echno logy  development pro, rnram 
Another  c o n s i d e r a t i o n  n e c e s s a r y  a t  t h i s  t i m e  i s  t h e  FMB program, 
The p y r o t e c h n i c  sandwich and s h e e t  e x p l o s i v e  wrap concep t s  a r e  compBeteLy 
compat ib le  w i t h  a  f i l a m e n t  r e i n f o r c e m e n t  wrap, b u t  t h e  former  concept  
could  d i s p e r s e  a  t o t a l  of about  180 t o n s  (163,400 kg)  of asloestos i n t o  
t h e  atmosphere, depending on t h e  combustion e f f i c i e n c y  of t h e  pyro technic  
composition. S ince  a sbes to s  is  c u r r e n t l y  of concern a s  an atmospheric  
p o l l u t a n t ,  t h i s  d i s p e r s i o n  would l i k e l y  be ob j ec t ionab le  t o  t h e  munici- 
p a l i t i e s  n e a r  rocke t  launch sites. 
The c h a r a c t e r i z a t i o n  of glass-roving-phenol ic  molding compounds f o r  
t h e  rnoQded motor tube  and t h e  des ign  ana lyses  necessary  t o  e s t a b l i s h  
optimum mcltor ope ra t i ng  p re s su re ,  molded tube  t h i cknes s ,  and r e in fo rce -  
ment wrap t h i c k n e s s  a r e  worthy of cons ide ra t i on  f o r  t h e  p o t e n t i a l  cos t  
sav ings  and compa t ib i l i t y  w i th  t h e  FMH program. 
A l t e r n a t i v e  C - I n t e g r a t e d  ~ v r o t e c h n i c / ~ r d n a n c e  Wafer 
Pn t h e  i n i t i a l  d i s cus s ions  of t h e  conceptual  des ign ,  i t  was decided 
t h a t  t h e  b a l l i s t i c  mor ta r ,  mechanical t imer ,  and o t h e r  p a r t s  of t h e  
payload s e p a r a t i o n  system would be a s  designed and es t imated  f o r  t h e  MFT 
R D m E  rocke t .  Th i s  d e c i s i o n  allowed b e t t e r  comparison of t h e  unique 
concepts of t h e  Langley des ign  wi th  t h e  more convent ional  components of 
t h e  MET RTYI"I'E rocke t  motor,  Aft-end i g n i t i o n  was r e t a ined  i n  deference  
t o  cur ren t  haunch crew p r a c t i c e s  of "arming1' t h e  motor by i n s e r t i n g  t h e  
i g n i t e r .  
The i n t r o d u c t i o n  of t h e  MET RDT&E rocke t ,  o r  i t s  lower cos t  v a r i a t i o n  
a s  envis ioned by ~ A ~ A / ~ a n g l e ~ ,  w i l l  meet cons iderab le  oppos i t ion  from 
p re sen t  u s e r s  of sounding rocke t s  because of t h e  l ack  of demonstrated 
reliability of e i t h e r  rocke t .  I n  a n t i c i p a t i o n  of such oppos i t i on ,  t h e  
technology development and r e l i a b i l i t y  demonstrat ion e f f o r t s  must be 
very ea re fwl ly  balanced and coordinated.  
The payload s e p a r a t i o n  system f l i g h t  f a i l u r e s  exceed rocke t  motor 
f a i l v r e s  , Launch crew procedura l  e r r o r s  cause more f l i g h t  f a i l u r e s  than 
those  r e s u l t i n g  from rocke t  motor f a i l u r e s .  There have been no a c c i d e n t s  
wi th  sounding rocke t s  a t t r i b u t a b l e  t o  premature i g n i t i o n  of rocket  motors 
or t o  u s e  of f o r e - i g n i t e r s .  The ordnance technology i s  i n  hand f o r  t h e  
immediate des ign  of a  wafer  t h a t  can conta in  t h e  f o r e  rocke t  motor i g n i t e r ,  
a g a s l e s s  pyro technic  de l ay ,  and a  s o l i d  p r o p e l l a n t  gas  gene ra to r  t o  
s u p p l y  t h e  e j e c t i o n  energy f o r  t h e  payload. This  wafer  can se rve  a l s o  
as the fo:.ward bulkhead f o r  t h e  rocket  motor. "safe-armt' of t h e  i g n i t e r  
an@ pyro technic  de lay  can be  incorpora ted  by t h e  convent iona l  e l e c t r o -  
mechanlcai dev i ce s  o r  by s i d e  i n s e r t i o n  of a  squib  o r  through-bulkhead- 
initiator without  des t roy ing  t h e  a b i l i t y  t o  maintain good hermet ic  and 
pressure :seal of t h e  rocket  motor. Use of a  nozz le  s e a l  i s  thereby 
p e r n ~ i t t e d ,  w i t h  reduc t ion  of t h e  p o s s i b i l i t y  of g r a i n  damage by probes 
of ci l r ioshty.  
A l t e r n a t i v e  C r e q u i r e s  some d e s i g n  and t e s t  e f f o r t  t o  obtain t h c  
i n t e g r a t e d  pyrotechnic-ordnance wafe r .  The e s t i m a t e  of  $ 2 5 , 0 0  f 07 I he 
package a l l o w s  $10.00 f o r  t h e  wafe r  and $15.00 f o r  t h e  o t h e -  components 
of  t h e  p e d e s t a l  package. The combined c o s t  r e d u c t i o n  and r e i i a b r l ~ t y  
improvement e f f e c t s  w a r r a n t  s e r i o u s  c o n s i d e r a t i o n  of t h i s  a L t e r n a t r v e  a s  
a  t a r g e t  f o r  NASA. 
I n  a d d i t i o n  t o  t h e s e  molded motor a l t e r n a t i v e s ,  comparable cost 
e s t i m a t e s  were prepared on a  sounding r o c k e t  motor (MET RDTikE) now rn 
development and q u a l i f i c a t i o n ,  a l o n g  w i t h  a l t e r n a t i v e  c o n c e p t u a l  d e s i g n s  
u s i n g  s e l e c t e d  m e t a l  components and manufac tu r ing  t e c h n i q u e s  that e o u l ~  
reduce  t h e  c o s t  of t h i s  motor now b e i n g  q u a l i f i e d .  
The MET RDT&E sounding r o c k e t  motor i n  development h a s  a payload/ 
h e i g h t  performance comparable  t o  t h e  Arcas ,  It  has  a  10-second reqres-  
s i v e  t h r u s t - t i m e  h i s t o r y ,  s o  i t s  b a l l i s t i c  performance does  not d i r e c t l y  
compare w i t h  t h a t  of t h e  Arcas .  The r e g r e s s i v e  t h r u s t  i s  obca ined  from 
a  case-bonded g r a i n  w i t h  a  s i n g l e  s l o t  p e r f o r a t i o n ,  T h i s  config~aration 
p r e s e n t s  h i g h  v o l u m e t r i c  l o a d i n g  and advan tage  in s t r e s s  re l ref  during 
t e m p e r a t u r e  c y c l i n g ,  b u t  it  i s  accompanied by e a s e  insulatiicsn r e q u i r e -  
ments because  o f  t h e  e a r l y  a r r i v a l  of t h e  p r o p e l l a n t  f l ame  f r o n t  at the 
motor c a s e  immediate ly  below t h e  ends  of t h e  s l o t ,  
The p r e s e n t  d e s i g n  u s e s  ARMCO 21-6-9 s t a i n l e s s  s t e e l  f o r  t h e  motor 
t u b e  because  t h i s  r e l a t i v e l y  expens ive  a l l o y  can  be r o l l e d ,  welded. a n d  
drawn t o  f i n i s h e d  d imens ions ,  a c c e p t s  r e s i s t ance-welded  a t t a c h m e n t s  
r e a d i l y ,  and m a i n t a i n s  adequa te  t e n s i l e  p r o p e r t i e s  a f t e r  S L I C ~  wePd l r ig ,  
t h e r e b y  e l i m i n a t i n g  post  -assembly h e a t  - t r ea tment  of t h e  roeltetmmotor , 
Stamped f i n s ,  motor head c a p ,  and p e d e s t a l  suppor t  tab!: of a com- 
p a t i b l e  s t a i n l e s s  s t e e l  a r e  r e s i s t ance-welded  t o  t h e  t u b e ,  A nozzle 
r e t e n t i o n  r i n g  machined from s t a i n l e s s  s t e e l  i s  res i s t ance-welded  within 
t h e  t u b e .  The assembled r o c k e t  motor c a s e  i s  p r e s s u r e  t e s t e d  t o  a proof 
p r e s s u r e  of 2500 p s i g ,  The i n t e r i o r  i s  l i g h t l y  s a n d b l a s t e d  b e f o r e  a 
p recu t  e l a s t o m e r i c  s i d e  w a l l  i n s u l a t i o n  s h e e t ,  r e a r  end c o l l a r ,  and end  
c a p  a r e  i n s t a l l e d  and bag-cured i n  p l a c e .  The p r o p e l l a n t  i : ~  vacuum c a s t  
i n t o  t h e  motor  and c u r e d .  
A t  t h e  p roduc t ion  r a t e  of 3000 motors /yea r  o v e r  a  $-year p roduc t ion  
program, e x p e r i e n c e  i n  met a 1  f a b r i c a t i o n  does  no t  s u p p o r t  t nc select  i o n  
of t h e  r e l a t i v e l y  expens ive  s t a i n l e s s  s t e e l  on t h e  b a s i s  of i t s  economy 
of assembly i n t o  r o c k e t  motors .  The e l i m i n a t i o n  of m a c h i n i ~ g  of the 
t u b e  d i a m e t e r s  and e l i m i n a t i o n  01 h e a t  - t r ea tment  of t h e  completed 
assembly a r e  s i g n i f i c a n t  s a v i n g s  b u t  o t h e r  tube-forming pro$-esses  with 
l e s s  expens ive  a l l o y s  r e s u l t  i n  a c c e p t a b l e  d i a m e t r i c  t o l e r a i z e e s ,  and 
develop t h e  modest t e n s i l e  p r o p e r t i e s  r equ i r ed  i n  t h e  sounding rocke t  
motor,  Fol-ming a  motor t ube  w i th  an  i n t e g r a l  head c a p  and nozzle  
r e t e n t i o n  t h r e a d s  e l i m i n a t e s  t h e  aligriment d i f f i c u l t i e s  dur ing  
r e s i s t ance -we ld ing  and eli .minates t h e  need f o r  100% pressure  t e s t i n g  
a f t e r  assenbly .  The t a s k  r equ i r ed  e x p l o r a t i o n  of such a l t e r n a t i v e  lower- 
cost meta ls  and f a b r i c a t i o n  processes .  
The o t h e r  ques t i onab le  des ign  choice  i n  t h e  MBT RDT&E development 
program was t h e  motor tube  i n t e r n a l  i n s u l a t i o n .  The i n s t a l l a t i o n  of 
molded p ieces  and layup of 0.1" t h i c k  precut e l a s tomer i c  shee t  i s  l abo r -  
intealc7ive, Bag-curing i n  place r equ i r ed  r e l a t i v e l y  l a r g e  equipment i n -  
vies .,~i~n4;. The p l a s t i c  motor c a s e s  a r e  t o t a l l y  s e l f  - i n s u l a t i n g ,  s o  i t  
was concluded t h a t  t h e  development of d i r e c t l y  comparable MET RDT&E c o s t  
e s t i m a t e s  should i nc lude  a  s e a r c h  f o r  lower-cost a l t e r n a t i v e s  t o  t h e  
i n s u l a t i o n  of meta l  c a s e s .  
The s u b s t i t u t i o n  of meta l s  evolved t o  4130 s t e e l  and 7075 aluminum 
a l l o y s  f o r  t h e i r  comparabi l i ty  i n  weight perf ormance t o  t h e  ARMCO s t a i n -  
less a l l o y ,  The i r  raw m a t e r i a l  p r i c e s  of $0.28 and $0.60/lb show 
p o t e n t i a l  sav ings  when compared wi th  $l.OO+/lb f o r  t h e  s t a i n l e s s  a l l o y s .  
The develo]3ment of a l t e r n a t i v e s  t o  t h e  ARMCO s t a i n l e s s  t h e n  cen t e r ed  on 
choices of f a b r i c a t i o n  methods f o r  t h e  motor from t h e  4130 and 7075 
a l l o y s ,  
Extruded 4136) s t e e l  t ube  of t h e  requi red  diameter  and t h i c k n e s s  
would c o s t  about $20 / f t ,  o r  $135 per motor tube .  Th i s  i s  not compet i t ive  
wi th  the  ARMCO r o l l e d ,  welded and drawn tube .  Extruded 7075 aluminum 
tube of 5'' diameter  has a  minimum wa l l  t h i c k n e s s  of 0,2817, which i s  
r~nacce pt a b  Le f o r  weight performance. Extruded tub ing  was t h e r e f o r e  
e liani.nated from f u r t h e r  cons ide ra t i on .  
Rolled and welded o r  seamless drawn tub ing  was next cons idered .  
For t h e  an-, i c i  pated product i o n  q u a n t i t i e s ,  t h e  l o g i c a l  p rogress ion  was 
t o  deep-drawn motor c a s e s  w i t h  i n t e g r a l  heads and nozz le  r e t a i n e r  r i ngs .  
Drawn twbi1lg w i th  welded head caps and r e t a i n e r  r i n g s  was bypassed 
because i t  o f f e r ed  no advantage of any kind.  F ive  deep-drawn a l t e r n a t i v e s  
were ident i f  i ed  f o r  d e t a i  led review. 
I n  t h e  s ea rch  f o r  a l t e r n a t i v e s  t o  t h e  c u r r e n t  i n s u l a t i o n  m a t e r i a l s  
and i n s t a l l a t i o n  technique ,  t h e  des ign  f e a t u r e s  of s o l i d  rocke t  motors 
with diameters  from 4.5 t o  6 inches  were reviewed. None have i n t e r n a l  
i n s u l a t i o n  requirements  i d e n t i c a l  w i th  t h e  MET RDT&E des ign ,  and pro- 
duction exper ience  wi th  i n t e r n a l  i n s u l a t i o n  of 5' '  motor t ubes  w i th  an  
L/D of 12 m s  not found. The use of a  hard i n s u l a t i o n  t ube  o r  sp in -  
eurlng of i n s u l a t i o n  i n  place showed no economy over  t h e  c u r r e n t  
i n s u l a t i o n  s h e e t  l a y u p  and bag-cure .  Because of t h e  10-second ex w 
o f  t h e  motor w a l l s  t o  t h e  f l ame  f r o n t ,  t h e  i n s u l a t i o n  c o u l d  no: be pi. 11 -  
i n a t e d .  The c o s t  e s t i m a t e s  of a l l  of t h e  meta l -case  rocl te t  notori 
t h e r e f o r e  i n c l u d e  t h e  c u r r e n t  i n s u l a t i o n  m a t e r i a l s  and tec i inzqucs ,  
Alterantive D - Current Design. The cost estimates for the ME'?-K137EE 
moror c a s e  conf i rmed t h e  BAL e s t i m a t e s .  S R I  e s t i m a t e s  of  t h e  motor ease 
i n s u l a t i o n  and p r o p e l l a n t  l o a d i n g  o p e r a t i o n  a r e  $30-$35 loa6.r 'l; han 9AI , 
P o s s i b l e  e x p l a n a t i o n s  a r e  t h e  l a b o r  r a t e s ,  l e a r n i n g  c u r v e s ,  o r  m a t e l z a l s  
c o s t s ,  b u t  f u r t h e r  i n v e s t i g a t i o n  i s  no t  j u s t i f i e d  s i n c e  t h e  dlf fe;-enee 
i s  f a v o r a b l e  t o  t h e  e x i s t i n g  d e s i g n .  The e s t i m a t e  of $359.40 s u d p o r t s  
a l l  of t h e  molded motor c a s e s  a s  c o s t - l o w e r i n g  a l t e r n a t i v e s ,  
Alternative E - Deep-Drawn 4130 Steel, In the search for alternative 
f a b r i c a t i o n  methods c a p a b l e  of t h e  d i a m e t r i c a l  t o l e r a n c e s  a n d  w a l l .  t h i e k -  
n e s s  r e q u i r e m e n t s ,  drawn t u b i n g  showed most promise. The scleeteti steel 
a l l o y ,  4130,  p r e s e n t s  150K p s i  t e n s i l e  s t r e n g t h  a f t e r  t h e  drawing opera- 
t i o n .  T h i s  e q u a l s  t h e  performance of t h e  ARMCQ s t a i n l e s s  used i n  t h e  
d e s i g n .  The 4130 c o s t  of  $O.lS/lb i s  ve ry  f a v o r a b l e .  Ref ined t r a d e s f f s  
might l e a d  t o  some o t h e r  s t e e l  s e l e c t i o n  t h a t  would g i v e  improved motor 
performance b u t  t h e  c o s t  e s t i m a t e  f o r  t h i s  s t e e l  i s  ve ry  r e p r e s e n t a t i v e  
of what c a n  b e  ach ieved  i n  good deep-drawing f a c i l i t i e s .  The t o t a l  
advan tages  of  t h e  i n t e g r a l  head c a p  and n o z z l e  r e t a i n e r  t h r e a d s  must 
combine f a b r i c a t i o n  c o s t s ,  e l i m i n a t i o n  of 10070 p r e s s u r e  t e s t  after 
assembly ,  and a s s u r a n c e  o f  nozz le  a l ignment .  
T h i s  a l t e r n a t i v e  p r e s e n t s  no t e c h n o l o g i c a l  r i s k  and r e q u i r e s  no new 
U.S. p l a n t  i n v e s t m e n t ,  c o n s i d e r i n g  t h e  a v a i l a b i l i t y  of  ovens ,  p r e s s e s  
and machining f a c i l i t i e s  such  a s  t h o s e  of  N o r r i s  I n d u s t r i e s  i n  t h e  
Los Angeles  a r e a .  I n  e i t h e r  e v e n t ,  t h e  c o s t  e s t i m a t e  of  $2S1,40 pre-  
s e n t s  a  s i g n i f i c a n t  s a v i n g s  when compared w i t h  c u r r e n t  d e s i g n ,  but it is 
h i g h e r  t h a n  t h e  c o s t  e s t i m a t e s  of t h e  molded c a s e  a l t e r n a t i v e s ,  
Alternative F - Deep-Drawn 4130 Steel with Separable Parachute 'X'ube, 
B e f o r e  a n  a p p r e c i a t i o n  of  c u r r e n t  deep-drawing c a p a b i l i t y  was developed 
a n  a l t e r n a t i v e  t h a t  a l lowed t h r e a d e d  a t t achment  o f  t h e  pa rachu te  tube 
was c o n s i d e r e d  and c o s t  e s t i m a t e s  were prepared.  On a  d i r e c t l y  conlpa- 
r a b l e  b a s i s ,  t h e  c o s t s  a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  from those 
developed f o r  t h e  i n t e g r a l  des ign .  T h i s  a l t e r n a t i v e  i n c l u d e s  a n o z z l e ,  
f i n ,  and i g n i t e r  and payload s e p a r a t o r  s u b s t i t u t i o n  t h a t  br:.ngs the c o s t  
e s t i m a t e  down t o  $257.75. The e s t i m a t e  i s  r e t a i n e d  because  payload 
changes  might p r o f i t a b l y  u t i l i z e  t h e  t h r e a d e d  t u b e  concept  and the e s t i -  
mate  a l l o w s  compar ison of t h e  4130 s t e e l  w i t h  t h e  7075 alum:-num a k t e r -  
n a t i v e  t h a t  i s  s u b s e q u e n t l y  d i s c u s s e d .  
A l t e r n a t i v e  G - Deep-Drawn 7075 Aluminum. Aluminum a l l o y s  can be 
r e a d i l y  deep-drawn and 7075 a l l o y  i s  comparable on a  weight -s t rength  
b a s i s  t o  4130 steel  and t h e  ARMCO s t a i n l e s s  used i n  c u r r e n t  design.  The 
4130 s t e e l  r e q u i r e s  pa in t  t o  ach ieve  co r ros ion  r e s i s t a n c e  comparable t o  
t h e  aluminum o r  s t a i n l e s s .  The 7075 aluminum deep-drawn i n t e g r a l  motor 
c a s e  c o s t  e s t i m a t e  i s  only  s l i g h t l y  lower t han  t h a t  of t h e  4130 s t e e l  
on a d i r e c t l y  comparable b a s i s .  A nozz le  and f i n  s u b s t i t u t i o n  b r ings  
the c o s t  down t o  $269.40, but  t h i s  a l t e r n a t i v e  i s  r e t a i n e d  f o r  com- 
par l sons  r a t h e r  t h a n  f o r  any r e a l l y  unique advantages.  
A 1 t e r n ~ t i r e  H - Deep-Drawn 7075 Aluminum wi th  Separab le  Parachute  
Tube, The d e c i s i o n  on 7075 aluminum was a ided  by t h e  review of t h e  
---- 
,p-- ~Ill Rockist Motor Manual. The Zuni motor u se s  a  5" d iameter ,  deep- 
d rawn ,  70'75 aluminum motor t ube  w i th  i n t e g r a l  head cap ,  nozz le  r e t a i n e r  
t h reads  and warhead r e t a i n e r  t h r eads .  Weight c a l c u l a t i o n s  of  an added 
parachute t ube  showed t h a t  t h i s  des ign  weighed 18.7 pounds, compared 
w i t h  about 20.8 pounds f o r  t h e  equ iva l en t  ARMCO s t a i n l e s s  p a r t s  i n  t h e  
c u r r e n t  des ign ,  The w a l l  t h i c k n e s s  of 0.138" i s  designed t o  a l low a  
Pmax of 2300 ps i  a t  165%'. Since t h e  Zuni motor i s  5  f e e t  long ,  i t ,  
too, can hold t h e  55 pound p rope l l an t  g r a i n  wi th  a  s i n g l e  s l o t  per for -  
ation, The s tandard  des ign  Zuni c a s e  has been purchased i n  l a r g e  
.i7olurr?e at a u n i t  p r i c e  of about $32, i nc lud ing  t h e  manufacturing 
punches and d i e s ,  
The icost e s t i m a t e  of $246,75 is  not s i g n i f i c a n t l y  d i f f e r e n t  from 
thaz  of t h e  i n t e g r a l  deep-drawn aluminum a l t e r n a t i v e ,  i f  t h e  i g n i t e r  and 
pay load  s e p a r a t o r  s u b s t i t u t i o n  i s  t aken  i n t o  cons ide ra t i on .  It i s  r e -  
ka i raed  t o  support  t h e  recommendation f  o r  exp lo ra to ry  development work 
on t h e  use of e x i s t i n g  hardware. 
A l t e r n a t i v e  - I - Thickwall 7075 Aluminum wi th  Separab le  Tube. The c o s t  
esoimaeing; of 7075 aluminum motor t ubes  proceeded on t h e  assumption t h a t  
t h e  0,938" w a l l  t h i c k n e s s  w i l l  be adequate  f o r  wi ths tanding  f l i g h t  loads  
other thar! motor ope ra t i ng  pressure.  I f  c a l c u l a t i o n s  ox- tests demon- 
strate the e r r o r  of t h i s  assumption, t h e  wal l  t h i c k n e s s  can be  i nc reased  
$6 3,l50" without degrading t h e  aluminum a l t e r n a t i v e s '  weight performance 
te :zi level below t h a t  of t h e  ARMCO s t a i n l e s s .  The c o s t  e s t i m a t e  of  a  
thi~k-~~all, deep-drawn, 7075 aluminum motor c a s e  and sepa rab l e  parachute  
tube i s  on ly  $255.75 and s l i g h t l y  h igher  t h a n  t h e  0 . ~ 3 8 "  wal l  t h i c k n e s s  
counter p a r t ,  
The c o s t  e s t i m a t e s  of a l l  a l t e r n a t i v e s  a r e  summarized i n  Table  1. 
It was concluded t h a t  deep-drawn motor ca se s  of 4130 s t e e l  o r  7075 
aluminum a r e  a t  l e a s t  equa l  i n  weight performance t o  t h e  c u r r e n t  des ign  
and offer s i g n i f i c a n t  c o s t  r educ t ion  c a p a b i l i t y ,  but  t h a t  t h e  
lowest-cost metal-case sounding rocke t  des ign  i s  s t i l l  s i g n i  f i c a n i  lv 
more expensive t h a n  t h e  lowest -cost des ign  u t i l i z i n g  compression-mol ded 
i n e r t  pa r t s .  Recommendations a r e  made on exp lo ra to ry  development t o w a r d  
improved and lower-cost sounding rocket:;. 
STUDY DATA BASE AND ASSUMPTIONS 
The d a t a  base  f o r  t h i s  s tudy  cons i s t ed  of c o s t  da ta  e x t r a c t e d  from 
the SRI data  bank and from 17 r e p o r t s  on sounding r o c k e t s ,  t h e i r  m a t e r i a l s  
of c o n s t r u c t i o n ,  and f a b r i c a t i o n  techniques .  The da ta  were ad jus t ed  t o  
197'0 d o l l a r s  and confirmed i n  d i s cus s ions  wi th  two rocke t  motor manu- 
f a c t c s e r s  and t h r e e  m a t e r i a l s  s u p p l i e r s .  P r o f i t s  of t h e  prime c o n t r a c t o r  
are ~ e g o t l a b l e  by t h e  government and w i l l  range from 0% t o  15% depending 
upon t h e  economic c l ima te .  It i s  not inc luded  i n  t h e  e s t ima te s .  
The sounding rocke t  concept r equ i r ed  t h r e e  molded p a r t s  weighing a 
total of 40 l b s  (18 kg) .  The prope l lan t  g r a i n ,  c a s t  d i r e c t l y  i n t o  t h e  
sandblasted e a s e ,  weighs 55 l b s  (25 kg).  A l l  a l t e r n a t i v e s  a r e  comparable 
i n  perforrnanee t o  t h e  MET RDT&E Sounding Rocket Motor. The product ion 
rate i s  t o  be 3 ,000  motors per yea r  f o r  f o u r  years--a t o t a l  of 12,000 
rockets, Weekly product ion r a t e  i s  60 motors. 
Learn ing  Curves 
On t h e  b a s i s  of c u r r e n t  p r a c t i c e  i n  t h e  rocke t  community, and w i t h  
suppor t ing  information from t h e  l i t e r a t u r e ,  a  l e a r n i n g  curve of 92 per- 
cect was s e l e c t e d  f o r  l a b o r  e s t i m a t e s  used i n  t h i s  s tudy .  The r a t i o  of 
average u n i t  t o  f i r s t  u n i t  f o r  a  product ion of 12,000 u n i t s  is  0.32, and 
T h i s  ratio was appl ied  t o :  
* I n e r t  p a r t s  molding l a b o r  
I n e r t  p a r t s  f i n i s h i n g  l a b o r  
* Prope l l an t  l oad ing  l abo r  
* Motor f i n i s h i n g  l a b o r  
The ra i t io  was no t  app l i ed  t o  m a t e r i a l  p r i c e s  because t h e  q u a n t i t y  
price quotes  and d a t a  r e f l e c t  t h e  m a t e r i a l s  s u p p l i e r s '  a p p l i c a t i o n  of  
l e a r n i n g  curves t o  h i s  p rocess ing .  I t  was no t  appl ied  t o  t h e  r e in fo rce -  
ment wrap c o s t  because t h e s e  c o s t s  depend on machine speed and m a t e r i a l s  
costs, w i t h  l i t t l e  o r  no oppor tun i ty  f o r  improvement based on t h e  machine 
operazors  ' exper ience .  
Labor R a t e s  
E a r l y  i n  t h e  s t u d y ,  it  was assumed t h a t  l a b o r  r a t e s  of t h e  sol12 
r o c k e t  i n d u s t r y  would be most a p p l i c a b l e  f o r  t h e  e s t i m a t e s ,  Dur ing  t h e  
c o u r s e  o f  t h e  s t u d y ,  U.S. Department of Commerce d a t a  made apparen t  the 
premium b e i n g  paid f o r  t h e  s k i l l  l e v e l ,  h a z a r d s ,  and job i n s e c u r i t y  
a ssoc ia ' t ed  w i t h  t h e  ordnance i n d u s t r y ,  when compared w i t h  rubber  and  
p l a s t i c  goods manufac tu r ing .  
The burdened r a t e s ,  a d j u s t e d  t o  1970 d o l l a r s ,  a r e  $13.85 and $9,00 
p e r  h o u r ,  r e s p e c t i v e l y .  The d i f f e r e n c e  i n  l a b o r  r a t e s  i n d i c a t e s  t h e  
d e s i r a b i l i t y  o f  s e p a r a t e  c o n t r a c t s  w i t h  p l a s t i c s  and ordnance manufac- 
t u r e r s  when t h e  NASA r o c k e t  i s  t o  go  i n t o  p roduc t ion .  
The f o l l o w i n g  s p e c i f i c  a s sumpt ions  were made t o  a r r i v e  a t  the 
e s t i m a t e s  of T a b l e  1: 
Reinforcement wrap c o s t  
Nominal d i a m e t e r  - 5 i n .  ( 1 2 . 7  em) 
Nominal wrap t h i c k n e s s  - 0.3 i n .  ( 0 . 2 5  cm) 
Burdened l a b o r  r a t e  - $13.85/hr 
Nominal m a t e r i a l  c o s t  - $2.00/motor 
B a s e l i n e  d e s i g n  e s t i m a t e  l e n g t h  - 6 f t  (183 cm) 
I n e r t  p a r t s  f i n i s h i n g  l a b o r  
3 molded p a r t s  - t u b e ,  n o z z l e ,  f i n  assembly 
0 . 1  man-hour p e r  p a r t  s e t - u p  t ime 
Net-molded t o  f i n i s h e d  d imens ions ,  v i s u a l l y  i n s p e c t e d ,  
d r i l l e d  f o r  r e t e n t i o n  p i n s .  
Burdened l a b o r  r a t e  - $9.00/hr 
B a s e l i n e  d e s i g n  e s t i m a t e  - 1 . 0  man-hours p e r  s e t ,  i n c l u d i n g  
s e t - u p  t i m e  
I n e r t  p a r t s  molding l a b o r  
3 molded p a r t s  - t u b e ,  n o z z l e ,  f i n  assembly 
1/8 man-hour p e r  p a r t  se t -up  t ime  
Net-molded t o  f i n i s h e d  dimensions  
Burdened l a b o r  r a t e  - $9.00/hr 
B a s e l i n e  d e s i g n  e s t i m a t e  - 40 l b s  (18 k g )  t o t a l  f o r  3 p a r t s ,  
Molding compound eos  t 
Molded t o  d imension and weight  t o l e r a n c e s  - n e g l i g i b l e  waste 
B a s e l i n e  d e s i g n  e s t i m a t e  - a s b e s t o s  - p h e n o l i c  - $2 .03 / lb  ( $4,40/kg) 
I g n i t i o n  and payload s e p a r a t i o n  ordnance cos t  
Motor forward bulkhead is  i n t e g r a l  w i th  t imer  and mor ta r  wafer  
I g n i t e r  p e r  BAL e s t i m a t e  f o r  3 0 0 0 / ~ e a r  - $16.90 
Pedes t a l  p a r t s  and assembly p e r  BAL e s t i m a t e  - $17.78 
Base l ine  des ign  e s t i m a t e  (BAL + 10% f e e )  - $38.15 
Motor f i n i s h i n g  l a b o r  
Uniform c ros s - sec t ion ,  s imple s l o t  p e r f o r a t i o n  
F rope l l an t  t r i m  a t  one end of g r a i n  only 
Visual  i n s p e c t  ion  
Burdened l a b o r  r a t e  - $13.85/hr 
Base l ine  des ign  e s t i m a t e  - 0.5  man-hours/motor 
P rope l l an t  load ing  l a b o r  
60 imotors (1 week's p roduct ion)  loaded from one p r o p e l l a n t  mixer 
loaded wi th  3500-4000 pounds ( I  600-1825 kg) p r o p e l l a n t  
::neludes: Sandblas t  and assembly of motor case  i n t o  c a s t i n g  
f i x t u r e s  
P rope l l an t  mixing, c a s t i n g ,  and cu r ing  
Removal of motor from c a s t i n g  f i x t u r e s  
Attachment of nozz le  and f i n  assembly 
Loading i n t o  GFE sh ipping  con ta ine r  
Burdened l a b o r  r a t e  - $13.85/hr 
Base l ine  des ign  e s t i m a t e  - 55 l b  (25  kg) p r o p e l l a n t  g r a i n  
P rope l l an t  i n g r e d i e n t s  cos t  
CTI?B o r  "opt imis t ic1 '  NTPB b inde r  - ~ ~ / ~ i n d e r / A ~ - 7 0 / 1 6 / 1 4  
40% waste and process  c o n t r o l  samples 
Base l ine  des ign  e s t i m a t e  - $0.50/lb ($l.lO/kg) - i npu t  m a t e r i a l s  
COSG E ~ t i r n a t i o n  Graphs 
F igures  1-5 supply f l e x i b i l i t y  i n  cos t  e s t ima t ion  a s  t h e  NASA des ign  
weights e.?ange o r  assumptions a r e  modified. 
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A f a m i l y  o f  l e a r n i n g  curves  a r e  p r e s e n t e d  i n  F i g u r e  1. The 92 per- 
cent  c u r v e  h a s  a l r e a d y  been a p p l i e d  t o  t h e  g r a p h s  o f :  
I n e r t  p a r t s  molding l a b o r  
I n e r t  p a r t s  f i n i s h i n g  l a b o r  
r . Prolpel lant  l o a d i n g  l a b o r  
Motor f i n i s h i n g  l a b o r  
$1 the l e a r n i n g  curve  assumption is  t o  be  changed, o r  t h e  p r o d u c t i o n  
quantity i s ;  n o t  12,000 u n i t s ,  t h e  p o i n t  e s t i m a t e s  made from t h e s e  f o u r  
labor curves shou ld  be  m u l t i p l i e d  by 3.125 t o  o b t a i n  f i r s t  u n i t  c o s t s ,  
and  t h e n  m u l t i p l i e d  by t h e  s e l e c t e d  r a t i o  from t h e  l e a r n i n g  c u r v e s  
g raph  i n  F l g u r e  1. 
The c o s t  e f f e c t  of changes i n  i n e r t  p a r t s  we igh t ,  p r o p e l l a n t  g r a i n  
weight, moLding compound c o s t ,  p r o p e l l a n t  i n g r e d i e n t s  c o s t ,  and motor 
length can be read  d i r e c t l y  from t h e  g r a p h s  i n  F i g u r e s  2-5. 
Deep-Drawing F a c i l i t i e s .  F o r  the  molded p a r t s ,  i t  was neeessar) t o  
i n c l u d e  a m o r t i z a t i o n  of  a  molding f a c i l i t y  f o r  t h e  motor i n e r t  p a r t s ,  
To o b t a i n  t h e  un ique ly -h igh  dens j  t i e s  and f a v o r a b l e  t e n s i l e  p r o p ~ r t i e s  
i n  t h e  compression-molded i t e m s ,  NASA has  developed new tem3eua tu rc -  
vacuum-pressure c y c l e s  t h a t  a s s u r e  proper  f l o w  and c o n s o l i d a t i o n  af the 
b u l k  r e s i n .  The $25 amor t i zed  on e a c h  set of  r o c k e t  motor parts a l l o w s  
t h e  c o r l s t r u c t i o n  of  a n  e f f i c i e n t l y  - ins t rumented and automaLc?d p l a n t t o  
r ep roduce  t h e s e  c y c l e s .  
S e r i o u s  c o n s i d e r a t i o n  was g i v e n  t o  ass ignment  of  a  l i k e  c o s t  t o  t h e  
deep-drawn motor  c a s e s  t o  keep  t h e  c o s t  e s t i m a t e s  of  b o t h  t a s k s  d l c r e c t l y  
comparable .  The S h i l l e l a g h ,  Z u n i ,  S idewinder ,  and perhaps  other deep- 
drawn s o l i d  r o c k e t  motor c a s e s ,  have l e d  t o  t h e  i n s t a l l a t i o n  and e x i s t -  
e n c e  o f  e x t e n s i v e  modern f a c i l i t i e s  w i t h  ve ry  a d e q u a t e  c a p a c i t y  f o r  t h e  
p r o j e c t e d  12 ,000  motors .  I t  would n o t  be r e a l i s t i c  t o  igno-e these 
f a c i l i t i e s  and a s s i g n  c o s t s  of a  h y p o t h e t i c a l  i n s t a l l a t i o n  l;o " t h e  deep- 
drawn c a s e  c o s t  e s t i m a t e s  i f  p r o d u c t i o n  o c c u r s  i n  t h e  Uni ted  S t a t e s ,  The 
deep-drawing f a c i l i t i e s  i n  e x i s t e n c e  i n  Canada a r e  no t  known, F i n a l l y ,  
t h e  demonstra ted  c o s t  advan tage  of t h e  molded motor c o n c e p t s ,  as  sm- 
marized i n  T a b l e  1 does  no t  c a l l  f o r  t h e  i m p o s i t i o n  o f  h y p o t h e t i c a l  
f a c i l i t y  c o s t s  upon t h e  meta l -cased a l t e r n a t i v e s .  
Deep-Drawn Motor Tubes and S e p a r a b l e  P a r a c h u t e  Tubes. The c o s t  
e s t i m a t e s  f o r  t h e s e  components a r e  based on p roduc t ion  c o n t r a c t  award  
d a t a ,  c a l c u l a t i o n s  u s i n g  c o s t  e s t i m a t i n g  r e l a t i o n s  i n  t h e  S R I  d a t a  b a s e ,  
and a  c o n f i r m i n g  q u o t a t i o n  from N o r r i s  I n d u s t r i e s ,  t h e  l e a d i n g  producer  
of s u c h  i t e m s .  The s t e e l  e s t i m a t e s  a l l o w  $4 f o r  p a i n t i n g  o r  o t h e r w i s e  
a p p l y i n g  a w e a t h e r - p r o t e c t i v e  c o a t i n g  t o  o b t a i n  c o r r o s i o n  r e s i s t a n c e  
comparable t o  t h e  ARMCO s t a i n l e s s .  The i n t e g r a l  t u b e s  w i l l  not p r e s e n t  
any new aerodynamic load  problem, b u t  t h e  t h r e a d e d  j o i n t  of  t h e  s e p a r a b l e  
t u b e s  i s  a p o t e n t i a l  f a i l u r e  p o i n t  t h a t  r e q u i r e s  c a r e f u l  c o n s i d e r a t i o n  
t h a t  was beyond t h e  scope  of  t h i s  c o s t  s t u d y .  Because t h e  pa rachu te  tube 
i s  no t  s u b j e c t e d  t o  t h e  motor  o p e r a t i n g  p r e s s u r e s ,  i t  may be  p o s s i b l e  t o  
g a i n  i n  o v e r a l l  performance by r e d u c i n g  t h i s  w a l l  t h i c k n e s s ,  The a l u -  
minum a l t e r n a t i v e s  weigh somewhat l e s s  t h a n  t h e  ARMCO s t a i n i e s s  and can 
be made t h i c k e r  i n  t h e  v i c i n i t y  of t h e  t h r e a d e d  j o i n t  w i t h  only a s l i g h t  
l o s s  o f  t h i s  weight advan tage .  With t h e s e  two weight  r e s e r v e s  t o  work 
o u t  01, t h e  d e s i g n  of an  adequa te  t h r e a d e d  j o i n t  p r e s e n t s  no r i s k ,  
Nozzles  and F i n s .  S e v e r a l  n o z z l e  and f i n  g roup ings  can  be  sub-  
s t i t u t e d  w i t h i n  t h e  c o s t  e s t i m a t e s ,  depending upon t h e  d e s i r e d  cornpar- 
i s o n s .  The l e a s t  change and t echno logy  r i s k  i s  invo lved  i n  u s e  of t h e  
c u r r e n t  design--an i n t e g r a l l y  molded n o z z l e  w i t h  t h r o a t  i n s e r t  and 
r e t a i n e r  r i n g  and stamped f i n s  res is tance-welded t o  t h e  motor tube .  The 
c o s t  of t h i s  combination i s  es t imated  a t  $35.00. Carefu l  alignment i s  
requi red  d ~ l r i n g  welding and it i s  not pos s ib l e  t o  res is tance-weld t h e  
f i n s  t o  t h e  p l a s t i c  o r  aluminum tube  a l t e r n a t i v e s .  
A second nozzle  and f i n  combination is  an i n t e g r a l l y  molded com- 
ponent ' u s ing  t h e  c o s t l y  a sbes to s  -phenolic r e s i n  t o  o b t a i n  t h e  h ighes t  
pirysi.cali p r o p e r t i e s  and minimum f i n  t h i c k n e s s  and accompanying drag. 
T h i s  i s  es t imated  t o  c o s t  $42.00. 
1.f sorne drag  penal ty  from t h i c k e r  f i n s  can be  accep ted ,  t h e  t h i r d  
ccmbanation nozzle  and f i n  w i l l  use  low-cost g lass -phenol ic  r e s i n  t o  
bring the es t imated  c o s t  down t o  $19.50. 
An unpriced a l t e r n a t i v e  t o  be kept  i n  mind should t h e  drag  pena l ty  
of p l a s t i c  f i n s  be found unacceptable  i s  t h e  use of stamped metal  f i n s  
w i t h  s u i t a b l e  a t t a c h  po in t s  t o  a l low i n t e g r a l  molding wi th  t h e  nozzle.  
T h i s  approach w i l l  a l s o  al low pre-attachment of a  meta l  s t r a p  t o  t a k e  u p  
t h e  load a t  t h e  forward t i p s  of t h e  f i n s .  
I g n i t e r  and Payload Separa tor .  The c u r r e n t  RDT&E sounding rocket  
- 
design uses  a convent iona l  a f t  i g n i t e r  and a  mechanical t imer  and s o l i d  
propellant mortar  t o  e f f e c t  payload s e p a r a t i o n ,  Th i s  combination i s  
es t imated  t o  c o s t  $38.15 and it i s  r e t a i n e d  i n  some of t h e  a l t e r n a t i v e s  
t o  make d i r e c t  comparisons. 
A s u b s t i t u t i o n  t h a t  can be made wi th  no element of technology r i s k  
and that c l n  improve r e l i a b i l i t y  i s  a  combined f o r e  i g n i t e r  w i th  a  pyro- 
technic delay t r a i n  t o  i n i t i a t e  a  s o l i d  prope l lan t  e j e c t i o n  gas  genera tor .  
The progress  i n  t h e  use of p r ec i s ion  pyrotechnic  de lays  and e j e c t i o n  gas  
gene ra to r s  t h a t  has occurred i n  pene t r a t i on  a i d s  and decoys makes t h i s  
s u b s t i t u t i o n  worthy of cons ide ra t  i on  from t h e  r e l i a b i l i t y  improvement 
point alone.  The c o s t  e s t i m a t e  of $25.00 i s  conse rva t ive  and favorab le .  
'The metal-case a l t e r n a t i v e s  (and t h e  p l a s t i c  a l t e r n a t i v e s  
provided a  metal  dome o r  head cap  is planned) can use a  
t h i r d  combination of i g n i t e r  and payload s e p a r a t o r  t h a t  o f f e r s  p o t e n t i a l  
reliability improvement and c o s t  r educ t ion ,  A s p r i n g  under t e n s i o n  and 
p o t ~ e d  i n  21 high  mel t ing  point wax, o r  a  s p r i n g  of NITINOL, t h e  "memory 
 medal^' now being s tud i ed  a t  Naval Ordnance Labora tory ,  could be expected 
t o  r e l e a s e  t h e i r  energy t o  t h e  payload e j e c t o r  when t h e  hea t  t r a n s f e r  
froin t h e  rocket  motor brought t h e i r  mass t o  t h e  app rop r i a t e  temperature .  
The MET XGT&E sounding rocke t  r e l e a s e s  i t s  payload some 100 seconds a f t e r  
burnout.  This  roughly corresponds t o  t h e  t ime  for. rocket  motor nic" a i  
p a r t s  t o  reach  t h e i r  maximum s k i n  t e rmpera tu re  a f t e r  burnout ,  T b r s  
a p p l i c a t i o n  r e q u i r e s  d e t a i l e d  c a l c u l a t i o n  of pay load e j e c t  i o n  enercy 
requi rements ,  and hea t  t r a n s f e r ,  but  t h e  p o t e n t i a l  e l i m i n a t i o n  of the 
mechanical t i m e r  and ordnance i tems seems worth t h e  e f f o r t .  A i i r s t  
c o s t  e s t i m a t e  of $17.50 f o r  t h i s  combination is  based on a $10 f o r e  
i g n i t e r  and a  s p r i n g  pot ted i n  a  h igh  mel t ing  po in t ,  m i c r o c r y s t a l l i n e ,  
wax. 
CONCLUSIONS AND RECOMMENDATIONS 
I t  was conclnded t h a t  deep-drawn motor cases  of  4130 s t e e l  o r  7075 
aluminum a r e  a t  l e a s t  equal i n  weight performance t o  t h e  current  MET RDTGE 
design which uses ARMCO 21-6-9 SS and o f f e r  s i g n i f i c a n t  cos t  reduct ion  
c a p a b i l i t y ,  but  t h a t  t h e  lowest-cost metal-case sounding rocket  design i s  
s t i l l  s i g n i f i c a n t l y  more expensive than t h e  lowest-cost design u t i l i z i n g  
compression-molded i n e r t  p a r t s .  
To fahrther t h e  development of  p l a s t i c  case sounding rockets ,  recommendations 
were made, 
1, The e a r l y  divulgement of t h e  NASA-developed molding techniques t o  molding 
compo-nd and rocket  p a r t s  manufacturers w i l l  allow t h e i r  accomodation, 
s..,ccptance, and perhaps, refinement of these  methods f o r  obta in ing  improved 
t e n s i l e  p roper t i e s  and d e n s i t i e s .  
2, Poss ib le  s u b s t i t u t e s  f o r  t h e  s e l e c t e d  molding compound should be  
cha rac te r i zed  and t h e i r  s u i t a b i l i t y  determined. A back-up program t o  
a s sess  t h e  bene f i t s  ob ta inab le  from filament-wound reinforcement of t h e  
motor tube  should r ece ive  p r i o r i t y  cons idera t ion .  
3 ,  More d e t a i l e d  explora t ion  of  integrally-molded metal and p l a s t i c  combina- 
t i o n s  fir t h e  f i n s  is appropr ia te  t o  advance t h i s  design area.  
4, A review of cu r ren t  rocket  motors compared with e x i s t i n g  and planned 
NASA sounding rockets  could i d e n t i f y  systems where use of e x i s t i n g  hard- 
ware could lower t h e  cos t .  
5 ,  An j n t e g r a l  igni ter-motor  bulkhead-pyrotechnic timer-gas genera tor  a s  t h e  
energy source f o r  payload sepa ra t ion  is  wi th in  t h e  s t a t e  of  t h e  a r t  and 
offers c o s t  and r e l i a b i l i t y  advantage. Exploration of t h e  technology r i s k  
and cos t s  of hea t - re leased  sp r ings  would t ake  advantage of  t h e  r e s i d u a l  
hea t  o f  $:he rocket  motor t o  time t h e  r e l e a s e  of t h e  payload e j e c t i o n  
energy, 
6 A low-cost hybrid sounding rocket design based on a combination of a 
compression-molded case f o r  the  f u e l  g ra in  and ZUNI rocket  hardware f o r  
t h e  ox id ize r  tankage could be developed and t e s t e d  a t  Langley, and would 
f u r t h e r  the p l a s t i c  motor case work. 
